The beginning of the post-infancy rise in the body mass index (BMI, kgam 2 ) has been termed the adiposity rebound, and several studies have found that an early rebound increases the risk for overweight in adulthood. We examined whether this relation is independent of childhood BMI levels. DESIGN: A longitudinal study of 105 subjects who examined at ages 5, 6, 7, 8 and 19 ± 23 y. RESULTS: Subjects with an age at the BMI rebound (age min ) of 5 y were, on average, 4 ± 5 kgam 2 heavier in early adulthood than were subjects whose age min was ! 7 y. Age min , however, was also correlated with childhood BMI levels (r $ À0.5), and we found that age min provided no additional information on adult overweight if the BMI level at age 7 y (or 8 y) was known. In contrast, childhood height, which was also correlated with age min (r À0.47), was independently related to adult BMI. Among relatively heavy (BMI 16.0 kgam 2 ) 5-y-olds, a child with a height of 120 cm was estimated to be 1.2 kgam 2 heavier in adulthood than would a 104 cm tall child. CONCLUSIONS: Although an early BMI rebound was related to higher levels of relative weight in adulthood, this association was not independent of childhood BMI levels. The relation of childhood height to adult BMI needs to con®rmed in other cohorts, but it is possible that childhood height may help identify children who are likely to become overweight adults.
Introduction
Although childhood levels of obesity and overweight are predictive of subsequent levels, a wide range of correlation coef®cients (r 0 ± 0.84), predictive values (26 ± 77%) and relative risks (1.5 ± 7) has been reported. 1 ± 3 In general, the magnitude of these estimates is inversely associated with (1) the length of follow-up, and (2) the age at which the initial measurement is made.
The body mass index (BMI, kgam 2 ) is widely used as a measure of relative weight among adults, and its use among children and adolescents is rapidly gaining acceptance. 4, 5 Mean BMI levels increase rapidly (by $ 5 kgam 2 ) during the ®rst year of life, but subsequently decrease and reach a nadir of $ 15 kgam 2 at 4 ± 8 y of age. Levels subsequently increase, and reach values of 20 ± 25 kgam 2 by adulthood. The beginning of this second rise in BMI has been termed thè adiposity rebound'. 6 The age which the minimum BMI occurs (age min ) is inversely related to adult levels of relative weight, and an early adiposity rebound (eg before 5.5 y of age) increases the risk of adult obesity. 6 ± 11 It has been suggested that early childhood may be a critical period for the development of obesity, 12 with an early adiposity rebound indicative of hyperplastic obesity 6 or allowing for a longer period of adipose tissue accumulation. 8 It is uncertain, however, if age min is predictive of adult obesity if childhood levels of BMI are known. Although Whitaker et al 10 found the relation of adiposity rebound to adult obesity to be independent of the minimum BMI in childhood, it has been suggested 11 that the BMI level at age 7 y could be substituted for age min . The current study further examines the importance of the adiposity rebound, and in particular, whether the relation of age min to adult BMI is independent of childhood weight and height.
Methods

Study population
The Bogalusa Heart Study is a community-based study of cardiovascular disease risk factors among schoolchildren and young adults in Ward 4 of Washington Parish (Louisiana). 13 The 1990 population of Washington Parish, a fairly typical, biracial (one-third black) community in the southern US, was $ 43 000. Seven cross-sectional studies of children were conducted during school years between 1973 and 1991, 14 and several studies of (previously examined) young adults have been conducted since 1982.
Anthropometry
Height was measured to the nearest 0.1 cm with an Iowa Height Board, and weight to the nearest 0.1 kg using a balance beam metric scale (Detecto Scales, Inc.); 13 the mean of two measurements was used in all analyses. Schoolchildren were examined while wearing underpants, an examination gown and socks; young adults wore street clothes (excluding sweaters, jackets, belts and shoes). The BMI, ®rst used by Adolphe Quetelet in the nineteenth century, was calculated as weight (kg) Ä (height (m)) 2 .
The subscapular skinfold was measured three times in to the nearest millimeter with Lange skinfold calipers, and the mean was used in all analyses. This skinfold was measured only in the follow-up examination of young adults (see below).
Analytic sample
The Bogalusa Heart Study includes repeated cross-sectional examinations, and children can be followed longitudinally through their participation in various studies; the current analyses focus on two cohorts (Table 1) . The ®rst group comprised 5-y-olds (n 272) who were examined in 1973, and were eligible for re-examination in 1974, 1975, 1976 and in 1987 ± 1991 (as 19 to 23-y-olds). Subjects were included in the analysis if they were (1) examined at age 5 y, (2) reexamined at ages 19 ± 23 y, and (3) had at least two (of three possible) measurements at ages 6, 7 and 8 y. These criteria resulted in a cohort of 105 children who were followed for an average of 15.7 AE 0.8 (s.d.) y, representing 39% of all 5-y-olds examined in 1973. The major loss to follow-up occurred at the ®nal (1987 ± 1991) examination of young adults.
The importance of childhood height as a predictor of adult BMI was examined in a second cohort who were initially examined between the ages of 2 and 7 y in 1973 ( Mean age-speci®c levels of various anthropometric dimensions are shown according to age min , and correlations (Spearman) between these characteristics and age min were calculated. Levels of weight and BMI by age are displayed using lowess (locally weighted scatterplot smoother) curves, a technique 15 that relies on nearby data points to determine the functional form of the relation. These analyses treated age as a continuous variable, calculated as date of examination minus date of birth.
Regression and strati®cation were used to determine if the relation of age min to adult BMI was independent of childhood BMI levels. The observed BMI level at ages 5, 6, 7 or 8 y was included as a covariate in various regression models predicting adult BMI levels, and the change in the estimated coef®cient for age min was examined. Adult BMI levels were also cross-classi®ed according to both age min and childhood BMI to assess the relative importance of each predictor. 
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Many of these analyses indicated that height at age 5 y was related to adult BMI, and this association was further examined in the second cohort of 626 subjects. Predicted values of adult BMI, based on the results of linear regression models, are shown according to childhood levels of both height and BMI.
Results
Of the 105 children in the ®rst cohort, about one half had a minimum BMI that occurred at age 5 y or earlier, with the remainder having an age min of 6 (n 25), or ! 7 y of age (n 24) ( Table 2 ). Smoothed levels of weight and BMI are shown in Figure 1 and, as seen in the top panel, the slope of the weight to height curve gradually increased beginning at $ 120 cm; this corresponds to the mean height of 6-y-olds. This nonlinear weight vs height relation is re¯ected in the relation of BMI to age (middle panel). BMI levels showed a small decrease between the ages of 2.5 and 6 y, but subsequently increased by $ 50% through early adulthood.
Smoothed BMI levels among the 105 children included in the analyses of BMI rebound are shown in the bottom panel of Figure 1 , with results presented separately for children having an early ( 5 y) or late ( ! 7 y) age min . Girls whose age min occurred at ! 7 y had a lower mean BMI at age 5 than did those with an early age min (P`0.01), but there was no difference in the BMI level of 5-y-old boys according to age min . Differences in BMI levels between the early and late groups increased with age among both boys, and reached a maximum at $ 12 y of age. BMI differences subsequently narrowed somewhat with age among boys but remained fairly constant (D % 5 kgam 2 ) among girls.
In addition to the differences in BMI levels, children with an early age min (Table 2) were taller than were other children at 5 y of age (113 vs 108 ± 111 cm); interestingly, age min was more strongly correlated with weight and height at age 5 y (r % À0.45) than with BMI (r À0.23). The magnitude of the correlation between age min and levels of BMI increased between ages 7 and 11 y (r % À0.5) and, among 11-y-olds, children with an early age min were 3.8 kgam 2 heavier than children with a late age min . These BMI differences persisted into early adulthood, with mean BMI levels at ages 19 ± 23 y differing by 4 ± 6 kgam 2 across the three age min groups. Overall, the correlation between age min and BMI in early adulthood was À0.36.
Adult levels of BMI and subscapular skinfold thickness were also moderately correlated with childhood BMI and height (Table 3) . Adult BMI levels were more strongly related to BMI levels at ages 5 and 7 y than to age min (r ! 0.60 vs À0.36). Regression analyses indicated that each year decrease in age min or 1 kgam 2 increase in the BMI of 5-y-olds was 1974, 1977 ± 1978 and 1987 ± 1991 . In the bottom panel, which is based on the 105 subjects who were included in the longitudinal analyses of BMI rebound, children were categorized as having an early ( 5 y) or late ( ! 7 y) rebound. Age (in years) was calculated to the nearest day in all plots, and curves were smoothed using lowess.
BMI rebound and adult obesity DS Freedman et al associated with a 2.5 kgam 2 increase in the predicted adult BMI level. We also found that the taller children were more likely to be heavier as adults (r $ 0.4), with each 5 cm increase in childhood height associated with an approximately 2 kgam 2 increase in adult BMI. Analyses based on levels of BMI and height at age 8 y yielded results that were almost identical to those using age-7 y levels (data not shown).
Because of the intercorrelations among levels of BMI, height and age min during childhood, we further examined the relation of age min to adult BMI after adjustment for childhood BMI levels. In these analyses (Table 3 , bottom), the magnitude of the correlation with age min decreased from À0.36 (unadjusted), to À0.28 (adjusted for BMI at age 5), and to 0.03 (adjustment for BMI at age 7 y). In contrast, the association of childhood and adult BMI levels, as assessed in regression analyses, was not in¯uenced by adjustment for age min (data not shown).
A cross-classi®cation of adult BMI levels by age min and BMI categories (de®ned by tertiles) at age 7 ( Table 4 ) also indicated that the magnitude of the association between age min and adult BMI was greatly reduced after controlling for childhood levels of BMI. For example, within the middle BMI category (rows) at age 7 y, children with an early age min ( 5 y) had, on average, a lower adult BMI level than did children with an intermediate or late age min . In contrast, within each age min category (columns), the mean adult BMI level consistently increased as the age-7 BMI level increased from`14.9 to b 16.2 kgam 2 . Furthermore, correlations between BMI levels at age 7 y and in adulthood within categories of age min were only slightly less than the unadjusted correlation of 0.70, indicating the association was independent of age min .
The observed relation of height at age 5 to adult BMI (r 0.41 in Table 3 ) was further assessed in a second cohort of 2 to 7-y-olds (n 626) who were re-examined at ages 16 ± 25 y. Figure 2 shows the results of a regression analysis, in which childhood levels of height and BMI were used to predict adult BMI levels (y-axis); the two lines represent the predicted values among children with a BMI level of 14.5 or 16.0 kgam 2 , the 25th and 75th percentiles among 5-y-olds. Spearman correlations adjusted for race, sex and age at follow-up. The ®nal column shows correlations between age min and adult BMI levels within strata of childhood BMI; the last row shows correlations between childhood and adult BMI levels within strata of age min . BMI rebound and adult obesity DS Freedman et al (Analyses also controlled for initial age, race, sex, and length of follow-up.) The vertical distance between the curves indicates that a 5-y-old with a BMI of 16 kgam 2 would be expected to be 2 ± 3 kgam 2 heavier in early adulthood than would a child with a BMI of 14.5 kgam 2 . Although the relationship was not as strong, childhood height also improved the prediction of adult BMI (P`0.01), and this height effect was strongest among children who were relatively heavy (P`0.01 for interaction between childhood height and BMI). At a BMI of 16.0 kgam 2 , for example, a 5-y-old whose height was 120 cm (75th percentile) would be expected to be 1.2 kgam 2 heavier as an adult than a 5-y-old with a height of 104 cm (25th percentile).
Discussion
BMI curves in early life display three successive phases, with mean levels increasing rapidly in the ®rst year of life, decreasing until about age 6, and subsequently increasing until early adulthood. Persons with an early adiposity rebound (the start of the second rise in BMI) have been found 6 ± 11 to be heavier as adults than are persons whose rebound occurs later. In agreement with previous studies, we found that subjects whose age min occurred at 5 y of age were, on average, 4 ± 5 kgam 2 heavier at age 19 ± 23 y than were subjects whose age min was ! 7 y. Age min , however, was moderately correlated with childhood levels of weight and height, and we found that if the BMI level at ages 7 or 8 y was known, the timing of the BMI rebound provided no additional information on adult levels of relative weight. In contrast, the positive relation of childhood height to adult BMI was independent of childhood BMI levels.
The initial studies of age min were based on semi-annual measurements of BMI from one month of age, 6, 7 and BMI rebound was classi®ed as occurring early ( 5.5 y), average, or late ( ! 7 y). As compared with children who had a late age min , those with an early age min were 2 ± 3 kgam 2 heavier and had thicker subscapular skinfolds in later life. Subsequent studies, 8 ± 11 that have typically estimated age min by ®tting mathematical models to observed BMI values, have con®rmed the inverse relation (r À0.3 to À0.6) of age min to BMI levels through age 29 y.
10 The 4 ± 6 kgam 2 difference in adult BMI levels that we observed between early and late rebounders agrees well with these previous reports, as does the observed correlation coef®cients of À0.31 (boys) to À0.40 (girls) between age min and adult BMI.
The thickness of the subscapular skinfold also shows a nadir at approximately ages 6 ± 7 y, 16 but the mechanism by which the BMI rebound in¯uences adult obesity is uncertain. Although an early rebound may be indicative of adipocytes that are both large and numerous, 6,7 the adiposity of children with an early rebound has not been shown to be hyperplastic, 10 and it is uncertain if hyperplastic obesity in childhood increases the risk for adult obesity. 17 Other investigators have suggested that an early adiposity rebound may (1) re¯ect exposure to gestational diabetes, 12 (2) be a marker for generalized growth acceleration, 6 or (3) provide a longer period during which adipose tissue can accumulate. 8, 18 Irrespective of the underlying mechanism, the nonlinearity of childhood BMI curves re¯ects changing patterns of weight and height gains (top and middle panels in Figure 1 ). The initial decrease in BMI (ages 1 ± 5 y) indicates that weight is increasing less rapidly than the square of height, while the subsequent rise in BMI re¯ects larger increases in weight. These changing weight vs height 2 relationships, rather than any biological process, are responsible for the distinctive shape of BMI curves in childhood. 19 ± 22 Other obesity indices show different age-related patterns, with Rohrer's index (kgam 3 ) decreasing from birth to $ 6 y of age, but little change thereafter. 4 Among boys, the triceps skinfold thickness shows two nadirs (at 6 ± 8 y and 15 ± 17 y), 16 and while percentage body fat decreases substantially from ages 1 to 5 y, subsequent childhood levels remain fairly constant. 23 Additional analyses of triceps skinfold thickness in the current study yielded results that were similar to those for BMI. Children with an early ( 5 y) triceps skinfold thickness rebound were more obese as adults, but this association was not independent of skinfold thickness at age 7 y (data not shown).
Although an examination of the BMI rebound may be of scienti®c interest, it has been suggested 11 that adult BMI levels can be more easily predicted by BMI levels at age 7 y. Data from Rolland-Cachera et al 6 indicate that childhood (age 7 ± 9 y) BMI levels are associated with an early age min , and in the current study, BMI at age 7 was correlated with both adult BMI (r 0.70) and age min (r À0.53). Furthermore, we found that age min did not improve the prediction of adult BMI levels if the age-7 BMI level was known, a result that differs from a previous study 10 in which the relation of age min to adult BMI was reported to be independent of the minimum BMI in childhood. It is possible, however, that adjustment for minimum BMI by using three categories 10 did not adequately control for this variable, or that adjusting for the minimum BMI may yield results that differ from adjusting for age-7 BMI (Table 3) .
The relation of childhood height to adult BMI could re¯ect the limitations of BMI as a measure of childhood adiposity. 21, 24 Because BMI among children varies by height and age, it is possible that a combination of BMI and height could provide an estimate of childhood adiposity that is more strongly correlated with relative weight in adulthood. Alternatively, there may be an independent relation of childhood height to adult BMI. Among children, both height 19,25 ± 27 and adiposity 28 are related to early maturation, which in turn may be related to obesity in adulthood. 24, 29, 30 Childhood height has been found to be correlated with adult BMI levels (as well as with adult levels of triglycerides and insulin), 31 but it is not certain if these associations were independent of childhood BMI.
Several limitations of the current analyses of BMI rebound should be considered. To determine the age at the minimum BMI, three appropriately timed measurement (encompassing the minimum value) are necessary. Because the cohort was ®rst examined as 5-y-olds, we did not observe a rebound for children whose BMI value at age 5 y was lower than values at ages 6, 7 and 8 y. We assumed that the minimum BMI for these children occurred at (or prior to) the ®rst measurement, but since many of our ®ndings agree those in previous studies, it is likely that this assumption is not unreasonable. Estimates of the mean value of age min have ranged from 5.2 to 6.2 y, 8, 10, 16, 32 and semi-annual measurements have indicated that age min occurs before 5.5 y for about one third of all children, at 6 ± 6.5 y for another third, and at ! 7 y for another third. 6 Although these categories differ from those in the current study (`6 y, 6 ± 6.9 y and ! 7 y), the comparable proportions that we observed in these age groups were 1a2, 1a4 and 1a4. In addition, the observed relation of age min to adult BMI levels, whether assessed by difference in adult BMI across age min categories or with correlation coef®cients, were comparable to results of other investigations. 7, 11 The need for several appropriately timed (preferably beginning at age 4 y) childhood measurements, along with a follow-up of ! 15 y, accounts for the relatively few studies 6 ± 11 that have been able to examine the importance of adiposity rebound.
The increasing prevalence of adult obesity, along with the dif®culty of treatment, emphasizes the need for identifying predictors of adult obesity. Whereas the relation of the age at adiposity rebound to adult BMI was not independent of childhood BMI levels, we did ®nd that taller children tended to become heavier adults. The importance of childhood height needs to be examined in other longitudinal studies, and research is needed to determine the possible mechanisms. It is possible, however, that childhood height could provide a simple tool in more accurately predicting which children are likely to become overweight adults.
